The adult structures of Drosophila melanogaster are derived from larval imaginal discs, which originate as clusters of cells within the embryonic ectoderm. The genital imaginal disc is composed of three primordia (female genital, male genital, and anal primordia) that originate from the embryonic tail segments A8, A9, and A10, respectively, and produce the sexually dimorphic genitalia and analia. We show that the genital disc precursor cells (GDPCs) are first detectable during mid-embryogenesis as a 22-cell cluster in the ventral epidermis. Analysis of mutant and double mutant phenotypes of embryonic patterning genes in the GDPCs, together with their expression patterns in these cells, revealed the following with respect to the origins and specification of the GDPCs. The allocation of the GDPCs from the ventral epidermis requires the function of ventral patterning genes, including the EGF receptor and the spitz group of genes. The ventral localization of the GDPCs is further restricted by the action of dorsal patterning genes. Along the anterior-posterior axis, several segment polarity genes (wingless, engrailed, hedgehog, and patched) are required for the proper allocation of the GDPCs. These segment polarity genes are expressed in some, but not all of the GDPCs, indicating that anterior and posterior compartments are not fully established in the GDPCs. In addition, we found that the three primordia of the larval genital disc have already been specified in the GDPCs by the coordinated actions of the homeotic (Hox) genes, abdominal-A, Abdominal-B, and caudal. By identifying how these different patterning networks regulate the allocation and primordial organization of the 22 embryonic precursors of the compound genital disc, we demonstrate that at least some of the organization of the larval disc originates as positional information in the embryo, thus providing a context for further studies on the development of the genital disc. D
Introduction
The development of the Drosophila melanogaster genital imaginal disc is a key model system for studying how the sex determination hierarchy integrates with more general patterning hierarchies to produce adult structures (reviewed by Christiansen et al., 2002; Estrada et al., 2003; . Several features of the genital disc set it apart from other imaginal discs. First, the genital disc is the only unpaired and bilaterally symmetrical imaginal disc. Second, the genital disc is sexually dimorphic, with this dimorphism being quite striking by the third instar. Third, while the well-studied thoracic wing, haltere, and leg discs each originate from a single embryonic segment, the genital disc is a compound disc consisting of three primordia -the female genital, the male genital, and the anal primordiumthat are derived from three tail segments, A8, A9, and A10, respectively (Dübendorfer and Nöthiger, 1982; Epper, 1980; Epper and Nöthiger, 1982; Nöthiger et al., 1977; Schüpbach et al., 1978) . Most previous work on the genital disc has focused on the late third instar disc and elucidated the roles of the sex determination hierarchy and the sex-nonspecific patterning hierarchies in establishing the basic organization of the genital disc and the fates of each of the three primordia (reviewed in Christiansen et al., 2002; Estrada et al., 2003; . These studies of the genital disc showed that the basic organization of each of the three primordia is established by the anterior/posterior (A/P) patterning genes much as it is in individual thoracic discs. Each of the three primordia of the third instar genital disc is subdivided into anterior (A) and posterior (P) compartments by the same genes [e.g., engrailed (en), hedgehog (hh), wingless (wg), patched (ptc), and decapentaplegic (dpp)] that control A/P patterning in the thoracic discs (Chen and Baker, 1997; Emerald and Roy, 1998; Freeland and Kuhn, 1996; Sánchez et al., 1997) . As in the leg disc, en acts via the secreted protein encoded by hh to de-repress wg and dpp in complementary and mutually exclusive domains along the A/P border of each genital primordium. The dpp and wg encode secreted morphogens that specify positional information (reviewed in Seto et al., 2002) , and the stripe of cells along the A/P border where wg and dpp are expressed has been termed the A/P organizer region (Basler and Struhl, 1994; ). In the leg discs, a dorsal stripe of dpp expression abuts a ventral stripe of wg expression along the A/P border. In the bilaterally symmetric genital disc, two lateral dpp expression domains flank a medial wg expression domain in the female and male primordia; in the anal primordium, wg expression is split into two domains, each adjacent to a more lateral dpp expression domain.
Each of the three primordia of the genital disc has a different fate in the two sexes and these fates are determined by the combined action of the homeotic (HOX) and sex determination genes (reviewed by Christiansen et al., 2002; Estrada et al., 2003; . In females the A8-derived female primordium gives rise to most of the internal and external female genital structures, whereas in males this primordium gives rise to a small eight tergite. In males the A9-derived male primordium gives rise to all of the male genital structures, whereas in females this primordium gives rise to the female accessory gland and a small part of the uterine wall ). The A10-derived genital primordium gives rise to anal structures in both sexes, but these are significantly different in males and females.
While the embryonic expression of the Hox genes is complex and dynamic in the segments that contribute to the genital disc (see below), by late larval stage each of the primordia of the genital disc expresses unique Hox proteins Freeland and Kuhn, 1996; Moreno and Morata, 1999 . The transcript of one of the protein isoforms of Abdominal-B (ABD-B), ABD-BI (or ABD-Bm), is expressed in most of the female primordium of the genital disc Freeland and Kuhn, 1996) and it is required for the formation of the female genitalia (Casanova et al., 1986; Celniker and Lewis, 1987; Celniker et al., 1990; Karch et al., 1985; Tiong et al., 1985) . Another isoform of ABD-B, ABD-BII (or ABD-Br), has been suggested to regulate the formation of the male genitalia . Consistent with this, antibodies against ABD-B recognize both isoforms and detect the ABD-B proteins in both the female and male primordia of the disc Freeland and Kuhn, 1996) . Caudal (cad) is expressed in the anal primordium of the genital disc and has been shown to specify the adult analia (MacDonald and Struhl, 1986; Mlodzik and Gehring, 1987; Moreno and Morata, 1999) . In addition, another Hox gene, abdominal-A (abd-A), is expressed in a portion of the female primordium of the female genital disc Freeland and Kuhn, 1996) . Fate maps of the genital discs (Epper, 1983; Laugé, 1982) suggest that the region where abd-A is expressed corresponds to the internal female genitalia. However, other than an indirect role of abd-A in the outgrowth of the oviducts from the genitalia (Cumberledge et al., 1992) , its function in the developing terminalia has not been described.
Based on our knowledge of the molecular events controlling the specification and patterning of the larval genital disc, we can now address questions concerning how these same genetic pathways regulate the initial stages of genital disc development in the embryo. First, what controls the allocation of the genital disc precursor cells (GDPCs; i.e., how many cells are apportioned to found each of the three primordia that comprise the genital disc)? Second, what controls the specification of the GDPCs (i.e., how those cells are developmentally specialized)? Cells that form the genital disc are allocated and specified during embryogenesis (reviewed by Cohen, 1993; Estrada et al., 2003) . The GDPCs are first detected as a transversely elongated cluster of cells located in the epidermis between the A8 ventral denticle belt and the anal plates Hartenstein and Jan, 1992; Whiteley et al., 1992) during mid-embryogenesis. The GDPCs consist of female, male, and anal primordia, and there is no difference in the number of the GDPCs between the two sexes throughout embryogenesis (Laugé, 1982) . Although the patterning systems controlling the allocation of these cells starts to function either at the blastoderm stage or shortly thereafter (Meise and Janning, 1994; Simcox and Sang, 1983) , the first time when we can clearly detect the GDPCs is much later into embryogenesis. By this time, the posterior tail segments have fused, making it a challenging task to attribute segmental identity to cells in the GDPC cluster.
Positional information for each cell in the developing embryo is provided by three sets of patterning genes: the dorsal/ventral (D/V) genes, the segment polarity genes, and the Hox genes. A hierarchy of maternal and zygotic patterning genes specifies the embryonic D/V axis (reviewed in Ray and Wharton, 2001; Shilo, 2003) . decapentaplegic (dpp) and its receptor thick veins (tkv) function to specify dorsal cell fates, while the Drosophila EGF receptor (EGFR) and components of the EGFR signaling pathway (the spitz group of genes) are required in the ventral region to specify the ventral cell fates. Along the antero-posterior axis, the identity of cells in each segment is specified by segment polarity genes, including wingless (wg), engrailed (en), patched (ptc), and hedgehog (hh; reviewed in Hatini and DiNardo, 2001; Hooper et al., 1992; Martinez Arias et al., 1993) . wg is expressed in a stripe of cells anterior to the parasegment boundary. en and hh are expressed in stripes of cells posterior to those expressing wg. en maintains wg expression by antagonizing the inhibitory activity of the HH receptor, PTC, on wg expression (Hooper and Scott, 1989; Nakano et al., 1989) . The interactions among these genes are required to maintain the parasegment boundary where the thoracic disc precursor cells originate Hooper et al., 1992; Kubota et al., 2003; Martinez Arias et al., 1993) . Cells in different embryonic segments have different fates that are specified by the action of the Hox genes (reviewed in Hughes and Kaufman, 2002) . At the tail region, the Hox genes abd-A, Abd-B, and cad are each expressed at different levels in different segments. The two major products of the Abd-B gene, Abd-BI and Abd-BII, are expressed predominantly but not exclusively in the A8 and the A9 segments of the embryonic tail (Boulet et al., 1991; Casanova et al., 1986; Kuziora and McGinnis, 1988; Sánchez-Herrero et al., 1988) . cad is expressed in a more posterior segment (A10) than Abd-BI and Abd-BII (MacDonald and Struhl, 1986; Mlodzik and Gehring, 1987) . abd-A is initially expressed in most of the embryonic abdominal segments with a posterior boundary in either A7 or the anterior part of A8 (Karch et al., 1990; Macias et al., 1990; Rowe and Akam, 1988) . A/P patterning divides the embryo along the A/P axis into parasegments that are offset from the larval and adult A/P subdivisions of segments. Since the disc cells ultimately form adult structures, we refer to them using the corresponding adult segments.
Here we report the results of our analyses of the roles of the embryonic patterning networks in the initial allocation and specification of the GDPCs. We show that the ventral patterning pathway, including Egfr and the spitz group of genes, is required for the proper formation of all three primordia that comprise the GDPCs, whereas the dorsal patterning genes function to restrict the origin of the GDPCs to the ventral region of the embryo. We demonstrate that several segment polarity genes (wg, en, hh, and ptc) are expressed in subsets of the GDPCs and are required for the allocation of part of the GDPCs. Our results suggest that the A/P subdivision of one primordium of the genital disc, the female primordium, may be established by mid-embryogenesis. We provide evidence that the female (A8), male (A9), and anal (A10) primordia of the GDPCs are likely to be specified by Hox genes Abd-BI plus abd-A, Abd-BII and cad, respectively. The roles of each set of these patterning networks to initially allocate and specify the GDPCs provide a striking contrast to the role of these pathways later in the development of the genital disc.
Materials and methods

Fly stocks
Fly stocks were kindly provided by the individuals indicated or the Bloomington Stock Center. The following stocks were used to study the functions of the D/V patterning genes in the allocation of Lee et al., 1992) , and AT90 ptc (ptc; C. Goodman). The following stocks were used to study the functions of A/P patterning genes: wg CX4 /CyO (Baker, 1987) 05729 and esg 05730 . The insertion sites for both enhancer traps were mapped to the same location, 410 bp upstream of the esg transcriptional start site. We used these enhancer trap insertions as a target for a Pelement-mediated replacement with a P{GawB} line to obtain GAL4-driving enhancer trap lines in esg (Sepp and Auld, 1999) . We obtained 4 GAL4 insertions in the esg locus but the original lacZ insertion remained in each case. We used these insertions to drive UAS:GFP constructs that localize GFP either to the nucleus (w 1118 ; P{111w +mC = UAS-GFP.nls}14) or to the cell surface ( y 1 w*; P{w +mC = UAS-mCD8DGFP.L}LL5). Expression patterns from the different GAL4 and lacZ enhancer traps in esg were compared with both esg mRNA and protein expression (data not shown). The enhancer trap lines faithfully recapitulate the esg expression pattern and were slightly more sensitive than the antibody detection of the ESG protein when both were compared with the expression of esg RNA (data not shown). Enhancer trap insertions in headcase (hdc ) and Distal-less (Dll md23 ) were examined for expression in the GDPCs but these either labeled a subset of GDPCs (hdc ) or no GDPCs (Dll md23 ) (data not shown).
Germline clones
Homozygous cad clones in the female germline were generated using the FLP-DFS technique (Chou et al., 1993 
Whole-mount immunostaining of embryos
Single and double antibody labeling of embryos were performed following standard procedures (Patel et al., 1994) . The primary antibodies used were as follows: rat anti-ESG (1:500, gift from S. Hayashi), rabbit anti-SNA (1:10, gift from R. Reuter), mouse anti-SXL (1:100), mouse anti-EN (1:2, gift from C. Goodman and available through the Developmental Studies Hybridoma Bank developed under the auspices of the NICHD and maintained by The University of Iowa, Department of Biological Sciences, Iowa City, IA 52242), rabbit anti-CAD (1:300, gift of K. Cadigan), rabbit anti-h-gal (1:1500, ICN/Cappel), and rabbit anti-phospho-histone H3 (1:1000, Upstate Biotechnology). The following secondary antibodies were from Jackson Immunologicals and were used at 1:300 dilution: goat Cy3 anti-rat, goat FITC anti-mouse, goat Cy5 antirabbit, goat FITC anti-rabbit, and biotinylated rabbit anti-rat and from Molecular Probes: Oregon GreenR 488 goat antirabbit (1:2000) and Alexa FluorR 660 goat anti-mouse (1:250). Vector Laboratories' ABC kit was used to detect the HRP signals.
Microscopy
Confocal images were collected using a Bio-Rad MRC-1024 system. Combined confocal images were made using Adobe Photoshop software.
Results
The genital disc precursor cells in wild-type embryos
The third instar genital disc exhibits extensive sexual dimorphism in the number and organization of the cells that comprise its three primordia. To understand how these primordia are initially established and whether they are sexually dimorphic in the embryo we took advantage of the fact that the GDPCs, like the thoracic disc precursor cells, express escargot (esg) and snail (sna) (Hartenstein and Jan, 1992; Whiteley et al., 1992) . The GDPCs are first detected after germ band retraction (11-13 h after egg laying at 258C; stage 14 of Campos-Ortega and Hartenstein, 1997) and through much of stage 15 as a transversely elongated stripe of approximately 22 cells (Table 1 ) located in the epidermis between the A8 ventral denticle belt and the anal plates (Figs. 1A, D , and G). During this time, the GDPC stripe is one to two cells wide-usually, the two tips of the stripe are a single row of cells, and the central part of the stripe is two cells wide. SNA and ESG are co-expressed in every cell of the cluster (data not shown), suggesting that these cells likely comprise the entire population of the GDPCs at this point. At late stage 15, the GDPCs begin to invaginate to form the genital disc (Hartenstein and Jan, 1992 ; this study). The central cells in the stripe move internally while the remaining cells form two symmetric clusters around the midline (Figs. 1B and E) . This shift in cell location is clearer when visualized by a cell membrane marker (Fig. 1H) . Interestingly, the number of the GDPCs increases to 32-35 by late stage 16 (Figs. 1C, F, and I). However, no cell proliferation was observed in the GDPCs or surrounding region between stages 15 and 17 using the proliferation marker, anti-phospho-histone H3 (data not shown), consistent with Madhavan and Schneiderman's (1977) Wild-type and mutant embryos were labeled using the anti-ESG, anti-SNA, or anti-hGAL antibodies and a fluorescent secondary antibody. The numbers of the GDPCs were obtained by using confocal microscopy. For wild-type embryos, 42 embryos between stages 14 and 15 were scored. In most cases (62%) there were 22 GDPCs, and in a smaller number of cases 21 (26%) or 20 (12%) GDPCs were observed. An additional 39 stages 14-15 esg-lacZ embryos were examined. *The number of ectopic, ventrally located GDPCs per abdominal segments A5-A7. Standard deviation (SD) was calculated as the sum of the variance.
tions. The increase of the GDPC number is thus not due to additional cell division within the cluster and is likely due to the recruitment of additional cells to the cluster. For consistency, the comparisons between wild-type and mutant embryos in the following sections were made at stages 14 and 15 when there are approximately 22 GDPCs in wildtype embryos. In order to determine whether there is sexual dimorphism in the embryonic genital disc, we examined the GDPCs in male and female embryos. Unlike the embryonic gonad (DeFalco et al., 2003) , the GDPCs have no significant variation in cell number between the sexes with males having an average of 23.3 GDPCs with a standard deviation of 1.4 and females averaging 21.9 F 1.4 (Table 1 ). In addition, there were no differences in organization of the GDPCs between males and females (data not shown). These results are consistent with previous indirect estimates from genetic mosaics of the numbers of founding cells of the genital disc (Dübendorfer and Nöthiger, 1982; Schüpbach et al., 1978) that could not discern any difference between the numbers of founding cells in the two sexes, and direct histological analysis of the embryonic genital disc just prior to hatching (Madhavan and Schneiderman, 1977) .
Function of D/V pattering genes in the allocation of the GDPCs
Fate mapping showed that the GDPCs originate from near the ventral midline (Schüpbach et al., 1978) . To investigate how the GDPCs are allocated along the D/V axis of the embryo, we examined the role of D/V patterning genes in the formation of the GDPCs.
The EGFR signaling pathway patterns the ventral epidermis of the embryo and is comprised of EGFR and the spitz group of genes, including spitz (spi), Star (S), single-minded (sim), rhomboid (rho), and pointed (pnt) (Mayer and Nüsslein-Volhard, 1988; Raz and Shilo, 1993; reviewed in Schweitzer and Shilo, 1997) . Mutations in these genes cause deletions of ventral structures due to a ventralto-lateral transformation of the embryo. Examination of the GDPC phenotypes of homozygous sim, rho, S, spi, flb, and pnt mutants revealed complete deletions of the GDPCs (Figs. 2C and D; Table 1 ). These results indicate that the EGFR pathway is absolutely required for the allocation of the GDPCs of all three primordia of the genital disc and provide further evidence for their ventral origin.
The EGFR pathway is subject to negative feedback regulation by ARGOS, a secreted protein whose expression is triggered by EGFR signaling (Freeman et al., 1992; Golembo et al., 1996; Schweitzer et al., 1995) . argos (aos) mutations lead to an expansion of ventral cell fates due to hyperactivation of the EGFR pathway (Golembo et al., 1996) . To test if increased activity of the EGFR pathway leads to an increase in the number of GDPCs, we examined the GDPC phenotype in argos mutant embryos. Loss of function mutations in argos lead to an increase in the number of the GDPCs, from approximately 22 to 36.0 F 2.7 (Figs. 2E and F; Table 1 ). Given the previously reported effect of the EGFR pathway in restricting the allocation of ventral cells to the thoracic discs (Goto and Hayashi, 1997) , this increase in the number of GDPCs is most likely due to the expansion of the initial number of cells allocated as GDPCs. These results demonstrate an indispensable function of ventral patterning genes in the allocation of all three primordia of the GDPCs.
To investigate whether the dorsal patterning morphogen, DPP, also affects the development of the ventrally located GDPCs, we examined embryos that were mutant for dpp or the DPP receptor, thickveins (tkv). Although dpp is not expressed in the GDPCs at stages 14-16 this report) , there is an increase in the number of GDPCs to 30-34 in both dpp and tkv mutant embryos (Figs. 2G and H; Table 1 ). These results suggest that the dorsal patterning system functions via dpp to restrict GDPCs to the ventral region of the embryos, which is consistent with DPP's known function as a long-range morphogen in patterning other embryonic and imaginal tissues (Ferguson and Anderson, 1992; Nellen et al., 1996) . Segment polarity genes wg, en, hh, and ptc are required for the allocation of part, but not all, of the GDPCs Since anterior/posterior (A/P) patterning genes have been shown to be required for the allocation of the thoracic disc precursor cells and some of these genes are expressed in the terminal segments , we examined whether the segment polarity genes, wg, en, hh, and ptc, also play a role in the allocation of the GDPCs. If wg function is removed from the anterior segments, no thoracic disc precursor cells are allocated (Cohen, 1990; Cohen et al., 1993; Simcox et al., 1989) . In wg mutant embryos, the number of the GDPCs is reduced from the usual 22 cells to 14.0 F 0.7 cells (Figs. 3C and D; Table 1 ). This result indicates that the allocation of only a subset of the GDPCs is dependent on wg function. Since at the stage when disc progenitor cells are being determined in the trunk segments wg is expressed in A8, where the female primordium originates, but is not detected in either A9 or A10 (Rijsewijk et al., 1987) , it seems likely that it is just the female primordium of the GDPCs whose allocation is dependent on wg. This inference is supported by our analyses of HOX gene function in the GDPCs (see below).
In the thoracic disc primordia, wg expression depends on en and hh (Cohen, 1993; Simcox et al., 1989) . In either en or hh single mutant embryos the number of GDPCs is reduced to 13.3 F 0.9 from the 22 seen in wild type (Figs. 3G and H; Table 1 ). The number of GDPCs remaining in en and hh mutant is similar to that in the wg mutant, suggesting that the en/hh-dependent cells may all be in the female primordia.
The ptc is a negative regulator for the allocation of the thoracic discs: in ptc mutant embryos, more thoracic disc precursor cells are observed due to the ectopic expression of wg. To test if ptc plays a similar function in the allocation of the GDPCs, we examined the number of GDPCs in ptc mutant embryos. In ptc mutant embryos the number of GDPCs is increased to 34.0 F 3.0 (Figs. 3E and F; Table 1 ). This increase in cells number is not due to additional proliferation of the GDPCs, since no evidence of additional cell proliferation is detected in the mutant background by anti-phospho-histone H3 staining (data not shown). The increased number of GDPCs is likely due to an increase in the initial number of cells allocated to form the GDPCs, analogous to what is seen in the thoracic discs (Ingham and Hidalgo, 1993) .
To test if ptc functions through wg to restrict the allocation of GDPCs, we examined the number of GDPCs in wg ptc double mutant embryos. The number of the GDPCs in wg ptc double mutant embryos is decreased compared to wild type and is equivalent to the number GPDCs found in wg mutant embryos (Figs. 3K and L; Table  1 ), suggesting that ptc normally acts through wg to restrict the allocation of GDPCs. Since en/hh are also required for the proper establishment of the GDPCs, we examined the epistatic relationship between en/hh and ptc by examining the number of GDPCs in en ptc double mutant embryos. In contrast to wg ptc embryos, en ptc double mutant embryos show an increase in the number of the GDPCs, a phenotype similar to that of the ptc single mutant, suggesting that en normally acts through ptc to regulate the allocation of the GDPCs, presumably by relieving the repression of ptc on wg expression (Figs. 3I and J; Table 1 ).
Hox genes are required to specify individual primordia within the GDPCs
The Abd-BI, Abd-BII, and cad gene products are expressed in the A8, A9, and A10 derived primordia of the third instar genital disc, respectively, and function with the sex determination hierarchy to specify the fates of each primordium (reviewed in Christiansen et al., 2002; Estrada et al., 2003; ). In addition, abd-A expression is detected in a subset of the female primordium complementary to ABD-BI in the female larval genital disc Freeland and Kuhn, 1996) . We examined the GDPCs for the expression of these HOX genes with the aims of delimiting when these genes begin functioning in the GDPCs, how many cells are initially allocated to each of the primordia, and which cells in the GDPC cluster correspond to each primordia.
We first examined two products of the Abd-B gene, ABD-BI and ABD-BII, which are critical in specifying segments A8 and A9, respectively (Boulet et al., 1991; Kuziora and McGinnis, 1988; Sánchez-Herrero et al., 1988) . Although these two products have segment-specific effects with regards to the genitalia, the transcripts encoding them are expressed across the embryonic region corresponding to adult segments A5 to A9 (Boulet et al., 1991; Kuziora and McGinnis, 1988; Sánchez-Herrero et al., 1988) . A monoclonal antibody recognizing both ABD-BI and ABD-BII labels the majority of the GDPCs with little or no expression in the 6-7 cells in the posterior row (data not shown). If the expression domains of the HOX genes in the GDPCs correspond to their domain in the mature genital disc the 15-16 cells labeled by the antibody to the ABD-B proteins represent the portion of the GDPCs corresponding to the female and male primordia and the 6-7 unlabeled cells the anal primordium.
If Abd-BI specifies the female primordium, then the loss of Abd-BI should lead to these cells acquiring a more anterior fate. In that case these cells might not become part of the GDPCs resulting in a reduction in the number of esgexpressing GDPCs. Indeed, Abd-BI mutant embryos have only 13.0 F 0.3 GDPCs compared to the 22 cells observed in wild-type embryos (Fig. 4C vs. Figs. 1A and D; Table 1 ). To test if Abd-BI is able to specify the cells missing from the GDPC cluster in Abd-BI mutant embryos, we took advantage of the Polycomb (Pc) gene, a general repressor of homeotic genes. In Pc mutant embryos, Abd-BI is ectopically expressed in the more anterior thoracic and abdominal segments, each of which develops with characteristics of posterior A7 and anterior A8 (Busturia and Morata, 1988; Casanova et al., 1986; Kuziora and McGinnis, 1988; Lewis, 1978) . We detected transversely elongated stripes of esg-positive cells in the ventral epidermis of the transformed anterior segments in Pc mutant embryos (Figs. 4A and B; Table 1 ). Based on their locations and morphology, we interpret these esg-positive cells to be ectopic GDPCs. Each ectopic stripe consists of 9.0 F 0.8 cells, nearly identical to the number of GDPCs lost in Abd-BI mutant embryos. Furthermore, these ectopic GDPCs require Abd-BI, since they are absent in Pc Abd-BI double mutant embryos ( Fig. 4D; Table 1 ). These results suggest that Abd-BI is necessary and possibly sufficient for allocating the ectopic esg-positive GDPCs in each segment of the Pc mutant embryo, and these cells likely correspond to ectopic female primordia.
Since Abd-BII is expressed in and specifies A9, where the male primordium originates, we explored whether Abd-BII specified the male primordium (Celniker and Lewis, 1987; Sanchez-Herrero and Crosby, 1988) . In wild-type embryos, the ventral regions of A8 and A9 segments fuse and are greatly reduced by cell death (Jü rgens and Hartenstein, 1993; Kuhn et al., 1992) . In Abd-BII mutant embryos, A9 is transformed into an A8-like segment resulting in the formation of a narrow region of ventral epidermis posterior to A8 (Casanova et al., 1986; Karch et al., 1985; Tiong et al., 1985) . In Abd-BII mutant embryos, unlike Abd-BI mutants, the total number of the GDPCs remains approximately the same as in wild-type embryos (Table 1) . However, the GDPCs are not arranged as a tightly packed cluster. Instead, a gap separates the GDPCs into two rows connected at their lateral tips (Fig. 4F ). This phenotype is likely due to the A9 to A8 transformation in Abd-BII mutant embryos with the GDPCs split into two rows separated by the anterior epidermal cells of the A8-like A9 segment. In Abd-BI and Abd-BII double mutant embryos, where A5 through A9 are transformed to more anterior-like segments, most GDPCs are deleted, leaving 6.8 F 0.8 cells (Table 1 ). The latter number corresponds very well with the number of GDPCs that are not labeled by the antibody to the ABD-B proteins. Since there are about 13 GDPCs in Abd-BI single mutants but only 7 GDPCs in Abd-BI Abd-BII double mutants, Abd-BII must specify the difference of approximately 6 cells that likely comprise the male primordium in the GDPCs.
caudal (cad) is the best candidate of the Hox genes to specify the anal primordium of the GDPCs, since cad is expressed in segment A10, where the anal primordium originates (MacDonald and Struhl, 1986) and cad is required to specify anal fates in the genital disc (Moreno and Morata, 1999) . CAD is expressed in approximately 6 cells in the posterior row of GDPCs with 3 cells on each side of the ventral midline (Fig. 4E) , consistent with the idea that cad is required to specify the anal primordium of the GDPCs. To test this hypothesis, we first examined the GDPC phenotypes in a zygotic null cad mutant. Although the number of the GDPCs in cad mutant embryos is approximately the same as in the wild-type embryos, the organization of the GDPCs is different. Instead of the transversely elongated cluster of cells seen in the wild-type embryo, the GDPCs in cad mutant embryos are disorganized and loosely packed (data not shown). To further reduce cad activity, we generated cad germline clones to eliminate maternal cad function. In embryos that lack both maternal and zygotic cad, there are 21.8 F 0.9 GDPCs, the same as that seen in wild type ( Table 1 ), suggesting that either cad has no role in allocating any GDPCs or the anal primordial cells (~6 cells) have been transformed into male primordial cells, analogous to what is seen in the genital disc (Moreno and Morata, 1999) .
The abd-A expression is detected in a subset of the female primordium in the larval genital disc Freeland and Kuhn, 1996) suggesting that abd-A expression may extend into A8 in the embryo, and abd-Aexpressing cells could be part of both the GDPCs and the genital disc. Embryonic abd-A expression is detected in the region that corresponds to the pre-genital abdominal segments, A1-A7; the posterior limit of this region is less well defined (Karch et al., 1990; Macias et al., 1990; Rowe and Akam, 1988) . By stage 14, the levels of ABD-A protein have dropped in the ectoderm, yet 2-4 weak ABD-Aexpressing cells can be detected in the GDPC cluster (Figs.  4G-I) . In abd-A mutant embryos, there is a slight reduction in the number of GDPCs at stages 14-15 from the roughly 22 to 18.4 F 0.7 cells (Table 1) . Recently, abd-A has been shown to be essential for the development of part of the female primordium of the genital disc (A.C. and B.B., unpublished). These data suggest that the 2-4 abd-Arequiring GDPCs are likely in the female primordium. The requirement for both abd-A and Abd-BI to specify female primordial GDPCs raises the question of whether the expression of these two genes overlap or not. Since the expression of these genes overlaps in A5-A8, as do their effects on the patterning of those segments (Hughes and Kaufman, 2002) , we suggest that they overlap in the GDPCs as well. Taken together, these data suggest that Abd-BI is likely to be required to allocate 8-10 female primordial GDPCs, abd-A to specify a subset of 2-4 cells of those female primordial GDPCs in conjunction with Abd-BI, Abd-BII to specify 6-8 male primordial GDPCs, and cad to specify 6-8 anal primordial GDPCs.
Segment polarity genes and the A/P boundary
Previous studies have shown that all three primordia in the third instar genital disc are subdivided into anterior and posterior compartments with corresponding clonal boundaries Casares et al., 1997; Chen and Baker, 1997; Gorfinkiel et al., 2003; . These boundaries must be established by second instar, when cell division in the genital disc resumes (Madhavan and Schneiderman, 1977) , since sex-specific proliferation of the genital disc requires the organizing activity of A/P boundaries in each primordium . However, no A/P restrictions could be detected in the embryonic GDPCs in fate mapping experiments (Dübendorfer and Nöthiger, 1982; Janning et al., 1983; Nöthiger et al., 1977; Schüpbach et al., 1978) .
To look more directly at whether A/P boundaries are established in the GDPCs during embryogenesis, we examined the expression of the segment polarity genes, wg, en, hh, and ptc, in the GDPCs. wg is expressed in two small clusters of cells located at the tips of the GDPC stripe, and each cluster contains 2 wg-expressing cells (Figs. 5A, E, and H). Since wg is expressed in the A8 segment (Rijsewijk et al., 1987) , we propose that these cells are part of the A8-derived female primordial GDPCs. In order to test this idea, we examined wg expression in Abd-BI mutant embryos. In these embryos, we were unable to detect any expression of wg in the GDPCs (data not shown), suggesting that these cells are likely of A8-origin. During early embryogenesis, en and hh are expressed in a single row of cells in each embryonic segment with the most posterior expression in A8; by the end of germ band extension, expression of both genes is also detected in a double row of cells in A9, while en is also detected in an even more posterior cluster (DiNardo et al., 1985; Lee et al., 1992; Mohler and Vani, 1992) . en and hh are co-expressed in two 3-cell clusters adjacent to, but not overlapping with, the wg-expressing GDPCs (Figs. 5B, E, F, and H). The expression of the anterior and posterior compartment determinants, wg and en, in subsets of the GDPCs argues that by stages 14-15 of embryogenesis some GDPCs have anterior/posterior identities. The total number of wg (4)-and en/hh (6)-expressing cells is equal to the number of cells estimated above to be in the female primordium.
We examined ptc expression in the GDPCs since ptc is expressed in the anterior compartment where it responds to the hh signal to repress wg expression (Ingham and Fig. 5 . Expression patterns of wg, en, hh, and ptc in the wild-type GDPCs and wg in ptc mutants. A ventral view of the tail region of an embryo is shown in each panel. The GDPCs were labeled by anti-ESG antibodies (red). wg, hh, and ptc expression was detected by anti-hGAL antibodies using the corresponding enhancer trap lines, shown as green in A-D, as blue in E-G, and as pink in H and I. en expression was labeled by the anti-EN antibody, shown as green in B, E-I. Co-expression of red and green is seen as yellow, of blue and red is seen as pink, and of all three is seen as white. Hidalgo, 1993) . ptc is expressed in about 8 cells in the anterior row of the GDPCs (Fig. 5C ) and does not overlap en/hh expression (Figs. 5G and I) . Since ptc is a negative regulator of wg, we asked if the increase in the total number of the GDPCs in ptc mutant embryos is due to an increase in the number of wg-expressing cells within the GDPCs. The number of wg-expressing cells in each half of the GDPCs is increased from 2 in wild-type embryos to 8-10 in ptc mutants (Figs. 5A and D) . The increase in wg-expressing cells is sufficient to account for the increase in the total number of the GDPCs in ptc mutant. These extra wgexpressing cells in the ptc mutant are presumably A8 cells since, in ptc mutant embryos, each stripe of wg-expression is expanded roughly four-fold but no additional stripes are detected (Ingham and Hidalgo, 1993) .
The presence of wg-expressing cells juxtaposed to en/hhexpressing cells demonstrates that some of the GDPCs may have anterior/posterior identities in the embryo. The wgexpressing cells are likely part of the female primordium, suggesting that this A/P boundary may exist in that primordium. The expression of en does not overlap with cad-expressing cells in the GDPCs at stage 15 (data not shown), indicating that the en-expressing cells are either in the female or male primordium. Perhaps the A8-derived female primordium is more like the thoracic discs than either the male or anal primordium, and as such, the female, but not male and anal primordium, is divided into compartments in the embryo.
Discussion
Imaginal precursor cells for adult cuticular structures of Drosophila are derived from the embryonic ectoderm and can be clearly identified midway through embryogenesis (Bate and Martinez Arias, 1991) . We investigated how the progenitor cells that give rise to the adult terminal structures, the GDPCs, are initially allocated and specified during embryogenesis (Fig. 6 ). We detect a cluster of approximately 22 esg-positive cells at the known location of the GDPCs at embryonic stages 14 and 15. This number is consistent with the numbers predicted by clonal analysis for the genital precursors (Dübendorfer and Nöthiger, 1982; Schü pbach et al., 1978) . We observe an increase in the number of GDPCs as embryogenesis proceeds, with upwards of 35 GDPCs in stage 17 embryos, without evidence of cell division; this result is consistent with previous estimates of cell number a this stage (Hartenstein and Campos-Ortega, 1985) . Additional cells may be subsequently added to the GDPCs as Madhavan and Schneiderman (1977) counted 64 genital disc cells in newly hatched larvae. In addition, we do not detect any sexual dimorphism in the embryonic genital disc with regards to numbers of cells or morphology of the GDPC cluster. We have demonstrated that the allocation of this cluster of cells requires the activities of the ventral patterning genes, EGFR and spitz group of genes. We have provided evidence that the female primordium in the GDPCs behaves similarly to a single thoracic disc in its allocation, and that the segment polarity gene, wg, is required for the allocation of this primordium. In contrast wg does not appear to be required for the allocation of cells to the male and anal primordia. We have shown that the GDPCs are divided into three primordia, and the Hox genes, Abd-BI, Abd-BII, and cad, are required to specify these primordia. In addition, we show that abd-A is acting with Abd-BI to specify a subset of the female primordium since both the expression of these genes and the segments they affect overlap (reviewed in Hughes and Kaufman, 2002) . Moreover, there are distinct subsets of cells within the GDPC cluster that express either wg or en/hh or, suggesting that an A/P compartment boundary is present in at least one primordia at this early stage of genital disc development.
The function of segment polarity genes in the allocation of the GDPCs
The allocation of the thoracic discs requires the activity of two segment polarity genes, wg and en (Cohen, 1990; Cohen et al., 1993; Simcox et al., 1989) . We examined the expression of wg and en as well as hh, and ptc in the GDPCs and their function in the allocation of these cells.
Our results show that wg is required for the formation of a subset of the GDPCs. In the case of the thoracic wing and leg discs, the precursor cells for each disc originates from a single segment. When wg function is absent from that segment, the entire cluster of disc precursor cells is absent. In contrast, the GDPCs are composed of progenitor cells from three segments, A8, A9, and A10. The partial requirement of wg in the formation of the GDPCs suggests that the minimal unit of allocation of imaginal disc precursor cells is a single segment. The reduction of the GDPCs in the wg mutant likely reflects the loss of precursor cells from one segment, A8, and the cells lost likely correspond to the female primordium. Conversely, in Abd-BI mutant embryos where A8 is not specified, no wg-expressing cells can be detected. We propose that the loss of wg function in the embryo only affects the allocation of the GDPCs that originate from A8. It is worth noting that our result is in contrast to a previous report that wg is not necessary for GDPC formation . However, the resolution of the previous study was limited to the presence or absence of the GDPCs in the wg mutant embryo, and no comparison was made of the number of the GDPCs between wg mutant and wild-type embryos. As such, the effect of the wg mutation on the GDPCs might not have been detected.
When we extended our analysis of other segment polarity genes to their function in the allocation of the GDPCs, we found that the establishment of a subset of the GDPCs may be under similar control as that of the thoracic disc precursor cells (compare with Cohen et al., 1993) . Specifically, ptc acts as a negative regulator for the allocation of the subset of the GDPCs by repressing the expression of wg. en and hh act through ptc to promote the allocation of the GDPCs, perhaps by maintaining the expression of wg in wild-type embryos. The combined en/hh-and wg-expressing cells in the thoracic disc precursor clusters account for only a subset of those disc precursor cells . If the female GDPCs behave like the thoracic disc precursor cells, we would expect that only a subset of the 8-10 presumptive female GDPCs would express wg and en. The wg-expressing GDPCs appear to be part of the female primordium, and if the en-expressing GDPCs are also part of the female primordium, then together they may account for the entire primordium.
The presence of both wg and en in the GDPCs indicates that at least the first step to forming anterior and posterior compartments has occurred: the subdivision into compartments by the complementary expression of these genes (Lawrence and Struhl, 1996) . The other criteria for a true compartment boundary (clonal separation of the compartments and organizing activity) have not been demonstrated in the GDPCs. Analysis of developing embryos suggests that, although the genital and anal precursors are clonally separate there are no A/P clonal boundaries in the GDPCs (Dü bendorfer and Nö thiger, 1982) . The appearance of functional A/P compartment boundaries within each primordium must occur by the second instar of larval development (Chen and Baker, 1997; Casares et al., 1997; Emerald and Roy, 1998; ). In the GDPCs, the boundary we detect appears to be in the female primordium, where wg is expressed. Both the male and anal primordia must each acquire an A/P boundary either late in embryogenesis or during the first instar. A delay in the formation of A/P compartment boundaries is also observed in the eye-antennal disc (Morata and Lawrence, 1978; reviewed in Reifegerste and Moses, 1999) .
Recent work by Estella et al. (2003) has elucidated the role of A/P compartments in the formation of the more ventral thoracic discs, i.e., leg and antennal discs, and raises the possibility that the genes forming these compartments may regulate the formation of the genital disc similarly. By their model, wg and dpp activate esg, Dll, and headcase (hdc); in the absence of wg, this cascade does not occur and no disc is formed. Although we detect wg in the GDPCs, the loss of wg only reduces the GDPC cluster by 8-10 cells, suggesting that only a subset of GDPCs could be under this form of regulation. Of note, although Dll is not detected in the GDPCs this report) , hdc is expressed in roughly 10-14 GDPCs (data not shown). It remains to be determined if these 10-14 hdc positive cells rely on wg for their expression and whether they correspond to the female primordium in the GDPCs.
The organization of the GDPCs in the embryo and the A/P compartmental organization of the genital disc in the larva Several groups have shown that each primordium of the third instar larval genital disc is divided into anterior and posterior compartments Chen and Baker, 1997; Freeland and Kuhn, 1996) . In the genital disc, wg and dpp are expressed at the A/P border and are required for patterning each of the three primordia. However, dpp is not expressed in the GDPCs and wg-expressing cells do not overlap with the anal primordium precursor cells as detected by cad expression (data not shown). We suggest that the compartmental border expression and the A/P organizing activity of dpp in the genital disc and wg in the male and anal primordia are likely to be established sometime after embryogenesis, possibly in the first instar larval stage. In addition, the posterior compartment is specified by the segment polarity gene, en. Once established during embryogenesis, en expression is generally maintained throughout development where it functions as a selector gene for the posterior compartment (Kornberg et al., 1985; Lawrence and Morata, 1976) . Since all three primordia in the genital disc have posterior compartments, these compartments likely are derived from embryonic en-expressing cells. The only enexpressing cells detectable in the GDPCs at stages 14-15 are the two sets of three cells on either side of the cluster, making these cells candidates for the progenitors of the three posterior compartments in the larval genital disc. Analysis of en mutants suggests that these cells could be of A8 origin and would not be founders for the posterior compartments in the male and anal primordia. In support of this idea, the expression of en and cad do not overlap at stage 15 in the GDPCs (data not shown). One possibility is that among the cells recruited to the GDPCs at the end of embryonic development are en-expressing cells that could provide posterior identity to both the male and anal primordia.
The GDPCs originate from the ventral epidermis of the embryo
The wing and leg disc precursor cells are restricted to the lateral positions of the embryo by the dorsal and ventral Fig. 6 . Model. Hox specification and segment polarity gene expression in the GDPCs, larval genital disc, and adult structures. (A) Hox genes specify the GDPCs. ABD-BI (orange) specifies 8-10 presumably A8-derived cells; ABD-BII (blue) specifies 6-8 presumably A9-derived cells; and CAD (green) specifies 4-6 presumably A10-derived cells to form the three primordia (listed above) of the embryonic genital disc. ABD-A (red) specifies 2-4 cells that likely also require ABD-BI. (B) Together, these cells form a 22-cell cluster. The 4 wg-expressing cells (light blue) are split into two 2-cell clusters at the tips of the GDPCs. Next to them are two 3-cell clusters of en and hh-expressing cells (yellow). Roughly 8 cells in the middle express ptc (pink) and 4 cells (purple) did not express any of these segment polarity genes. (C) The female genital disc is shown first in cross section then en face (at point of arrow in cross section) with the corresponding Hox gene expression domains. The red and orange ABD-A and ABD-BI domains define the female (A8) primordium, the blue presumptive ABD-BII domain defines to the small male (A9) primordium, and the green CAD domain defines the anal (A10) primordium. (D) The female genital disc shown en face with the corresponding segment polarity gene expression domains (modified from Chen and Baker, 1997) . The right half shows the wgexpressing cells (light blue) next to the dpp-expressing cells (speckled) while the left half shows the ptc-expressing cells (pink). These cells abut the en/hhexpressing cells (yellow) that correspond to the posterior compartment of the female primordium (depicted) and the male and anal primordia (not shown). (E) The male genital disc is shown first in cross section then en face (at point of arrow in cross section) with the corresponding Hox gene expression domains. The orange ABD-BI domains defines the small female (A8) primordium, the blue presumptive ABD-BII domain defines to the male (A9) primordium, and the green CAD domain defines the anal (A10) primordium. (F) The male genital disc shown en face with the corresponding segment polarity gene expression domains (modified from Chen and Baker, 1997 ). The right half shows the wg-expressing cells (light blue) next to the dpp-expressing cells (speckled) while the left half shows the ptc-expressing cells (pink). These cells abut the en/hh-expressing cells (yellow) that correspond to the posterior compartment of the male and anal primordia (depicted) and the female primordium (not shown). (G) The adult female genitalia showing the corresponding regions to the female (A8, orange), male (A9, blue), and anal (A10, green) primordia. Please note that the male primordium contributes to one set of accessory glands in the female internal genitalia and some of the uterine wall . The adult male genitalia showing the corresponding regions to the female (A8, orange), male (A9, blue), and anal (A10, green) primordia. The female primordium contributes to the small tergite that forms a cuticular collar around the external genital structures. The internal structures include the sperm pump, ejaculatory duct, and vas deferens. The male accessory glands, the paragonia (white), are derived from cells recruited to the genital disc during larval development . patterning pathways. The activities of the dorsally derived DPP and ventrally derived EGFR repress the formation of the thoracic disc precursor cells in the dorsal and ventral regions of the embryo, respectively, maintaining their lateral positions (Goto and Hayashi, 1997) . All three primordia of the GDPCs are derived from the ventral ectoderm, since genes that are crucial for the formation of the ventral epidermis, sim, S, rho, spitz, Egfr, and pnt, are required for the allocation of all GDPCs. This result is in agreement with earlier findings from fate-mapping experiments that mapped the genital disc progenitor cells to the ventral tail region of the blastoderm embryo (Dü bendorfer and Nö thiger, 1982; Epper, 1980; Epper and Nö thiger, 1982; Schü pbach et al., 1978) . In contrast to the segment polarity genes, the D/V patterning genes exert a different effect on the allocation of GDPCs than on the thoracic imaginal disc precursor cells.
Specification of different primordia of the GDPCs by Hox genes
Since the GDPCs consist of precursor cells derived from three embryonic tail segments, and Hox genes are known to define segmental identities, we examined which Hox genes specify the different primordia of the GDPCs.
Our data suggest that Abd-BI is required in the specification of the female primordium. This conclusion is based on the facts that Abd-BI is expressed in A8, from where the female primordium is derived, that the GDPCs are partially deleted in Abd-BI mutant embryos, and that ectopic expression of Abd-BI in Pc mutant embryos induces the formation of ectopic GDPCs in the anterior segments. Previous studies have shown that Abd-BI is specifically expressed in the female primordium of the larval genital disc , and the adult female Abd-BI mutants lack female genitalia, while their male Abd-BI mutant siblings have normal genitalia and analia (Estrada et al., 2003; Kuhn et al., 1995; Sanchez-Herrero and Crosby, 1988) . We demonstrate that the function of Abd-BI in the formation of the female genitalia can be traced back to embryonic stages, when it is required to specify the fate of the 8-10 GDPCs that likely comprise the female primordium.
A function of abd-A in the specification of the female primordium has also been uncovered. abd-A appears to be required for a subset of the GDPCs based on the reduced number of GDPCs seen in abd-A mutant embryos and the expression of ABD-A in 2-4 GDPCs. Given the expression of abd-A in the female primordium of the genital disc Freeland and Kuhn, 1996) , and that abd-A and Abd-B function together in regulating other aspects of development such as abdominal segmentation (Hughes and Kaufman, 2002; Sánchez-Herrero et al., 1988) and gonadal development (Boyle and DiNardo, 1995) , we propose that abd-A specifies part of the female primordium in the GDPCs, dividing the female primordium into 4-8 cells requiring only Abd-BI and 2-4 cells that require both Abd-BI and abd-A. In Pc mutant embryos, the expression of both ABD-A and ABD-B is expanded and most segments are transformed towards A8 (Moazed and O'Farrell, 1992; Simon et al., 1992) . The ectopic GDPC-like cells in each abdominal segment are inferred to be female primordium (see above); these cells require Abd-BI and are absent in Pc Abd-BI double mutant embryos (Fig. 4D) although ABD-A is still presumably present.
The function of Abd-BII is likely to specify the male primordium. First, Abd-BII is expressed in A9, from where the male primordium originates. Second, the Abd-BI Abd-BII double mutant have fewer GDPCs than Abd-BI single mutants ( Table 1 ), suggesting that Abd-BII is required to specify 6-8 GDPCs that are not part of the female primordia. Third, Abd-BII is required for the development of the genitalia and analia of both sexes (Casanova et al., 1986) .
The anal primordium is likely to be specified by another tail homeotic gene, cad, based on several observations. First, cad is expressed in A10, from where the anal primordium originates. Second, cad is expressed in about 6 cells in the GDPCs, not overlapping with those expressing Abd-B. Third, cad is expressed in the anal primordium of the larval genital disc (Calleja et al., 1996; Casares et al., 1997; Freeland and Kuhn, 1996; MacDonald and Struhl, 1986; Mlodzik and Gehring, 1987; Moreno and Morata, 1999) , and mutant clones of cad in the adult anal plates cause transformation of anal structures to male genitalia (Moreno and Morata, 1999) . Thus, specification of the anal primordium during genital disc development is likely to be mediated by cad, beginning with the GDPCs in the embryos and extending to the analia in the adults. We should note, however, that early in embryogenesis, Abd-B is described as being expressed in A10 and cad in more anterior segments as well (Jü rgens and Hartenstein, 1993; MacDonald and Struhl, 1986) . In addition, Abd-B is required for proper development of the analia (Casanova et al., 1986; SanchezHerrero and Crosby, 1988) and cad is required for proper formation of A9 tissue (Kuhn et al., 1995) , suggesting that Abd-BII influences the development of A10 and cad the development of the A9. These inferences may reflect interactions between A9 and A10 during larval development (Gorfinkiel et al., 2003; Moreno and Morata, 1999) , occurring after the specification of the GDPCs, or effects from the early expression of these genes.
The expression of ABD-A in both the embryonic and larval disc raises a number of questions with regards to the origin of this part of the female primordium and how it is regulated with respect to the rest of the female primordium and genital disc. Classical experiments on the female primordium indicate that this primordium is of A8 origin (Dübendorfer, 1971; Dübendorfer and Nöthiger, 1982; Nöthiger et al., 1977; Schüpbach et al., 1978) ; clonal analysis of the internal genital structures in the female indicates that the oviducts, spermathecae, and seminal recepticle originate anterior to the vagina and vaginal plates (Schüpbach et al., 1978) . In other insects, the segment analogous to Drosophila A7 contributes to female internal genitalia (Matsuda, 1975) . Indeed, the seminal recepticle and other anterior structures map approximately 5 sturts away from the vagina and vaginal plates, roughly the same distance that separates the A9 and A10 derivatives in the male (Schüpbach et al., 1978) , indicating that these structures could be derived from a more anterior segment. Although abd-A may initially be expressed in the anterior part of A8 (Macias et al., 1990) , ABD-A expression in the larval genital disc corresponds to the region that expresses the posterior determinant, en Freeland and Kuhn, 1996) , raising the possibility that either (1) ABD-A expression in the genital disc is in the posterior part of A8, or (2) ABD-A expression in the genital disc is from A7-derived cells. Since abd-A is not detected in the posterior part of A8 in the embryo, if the ABD-A cells in the genital disc are of A8 identity, then either these cells have shifted from anterior to posterior or these cells have begun expressing abd-A after segmental identity has been determined in the embryo when the expression pattern of abd-A was characterized (Karch et al., 1990; Macias et al., 1990; Rowe and Akam, 1988) . Akam (1998) argues that complex temporal and spatial patterns of Hox gene expression even within a segment are necessary for the development of normal morphology; perhaps abd-A is behaving in this manner.
Hox genes in fly and mammalian sexual differentiation
The sex determination hierarchy in Drosophila selects via the dsx gene between two alternative developmental fates, i.e., female vs. male, for each of the three primordia of the genital disc ). Our results suggest that different transcripts of the Hox gene Abd-B, Abd-BI and Abd-BII, are required for specifying the fate of the female and male primordia, respectively. Since both Abd-B and dsx regulate downstream targets to control sex-specific development Gorfinkiel et al., 1999; Kopp et al., 2000; , it seems likely that the two forms of Abd-B may have very different effects on downstream genes in the genital disc based on the sex of the individual. In mammals, a very different strategy of embodying alternative developmental fates in separate cell populations is utilized in genital development, where every embryo has separate precursors for male and female urogenital structures (the Wolffian and Mqllerian ducts, respectively), and the set of structures appropriate for the sex of any given embryo develops while the other set regresses (reviewed in Parker et al., 1999) . Mammalian homologs of Abd-B, Hoxa-10 and Hoxa-11, have been shown to cause sexually dimorphic phenotypes in mice (Hsieh-Li et al., 1995; Satokata et al., 1995) , suggesting that although the approach used to differentiate male or female genitalia is not conserved between diverse organisms, perhaps the underlying regulation is.
